Introduction
============

Dental caries is a multifactorial disease of the oral cavity caused by an alteration in the composition of the bacterial plaque, leading to an imbalance between the demineralization and remineralization cycle, which clinically manifests as a cavitated/ noncavitated carious lesion. [@JR_1] [@JR_2]

The comparison between the National Health and Nutrition Examination Survey data reported for the phases between 1999 and 2004 and 2011 and 2012 revealed that the prevalence of dental caries has declined and this waning was not been uniform across age groups, sociodemographic status, and the tooth surface sites. [@JR_3] [@JR_4]

Further analysis of the susceptibility on tooth surface sites indicated that the drop was observed more in the smooth surfaces than on the occlusal surfaces. [@JR_5] [@JR_6] The occlusal surfaces of the teeth are particularly prone to decay primarily due to the anatomical nature of these surfaces that favor plaque retention. [@JR_7] [@JR_8]

Currently, the use of pit and fissure sealants is considered as a highly effective tool for preventing dental caries on the occlusal surfaces of the teeth and has been used in the dental profession since the 1960s. [@JR_6] [@JR_9] [@JR_10] The underlying concept of placing fissure sealants is to create a physical barrier and thus cutting off the nutritional supply to the bacteria. [@JR_11] Over the years, two classes of sealants have emerged and these are the resin and glass ionomer-based sealants and are recommended for children placed in the high-caries-risk category. [@JR_6]

Resin-based sealants by far have been the most effective in preventing occlusal carious lesions as demonstrated in many clinical trials. [@JR_12] However, these sealants have hydrophobic properties that demand a near total moisture control which often limits its clinical applications. [@JR_10] An advanced resin-based sealant (Embrace WetBond sealant) has been developed that incorporates di-tri and multifunctional acidic acrylate monomers with a practically designed hydrophilic--hydrophobic balance. The resultant product is a resin sealant that has hydrophilic properties and sets even in the presence of moisture. [@JR_13]

Glass ionomer sealants being hydrophilic in nature are used in situations where profound moisture control is difficult to attain. Nonetheless, these sealants too have their share of issues such as low abrasive strength, high solubility in oral fluids and, thus, have a lower retention rate in comparison to the resin-based sealants. [@BR_14] [@JR_15] Highly viscous glass ionomer cements have been introduced for application on the caries-susceptible pit and fissures by the press finger technique borrowed from the atraumatic restorative technique (ART). [@JR_16] [@JR_17] These sealants have improved physical properties such as reduced moisture sensitivity, lower solubility, and better retention rate as compared to the conventional glass ionomer sealants. [@JR_18]

Embrace WetBond and ART sealants have improved physical properties that entitle them to be placed in clinical situations where in profound moisture control would be a demanding prospect. The caries preventive effects of ART sealants have been similar when pitted against conventional resin-based sealants in spite of lower retention rates. [@JR_19] [@JR_20] However, mixed results were obtained in the case of Embrace WetBond sealant in comparison to conventional hydrophobic resin sealants. [@JR_21] [@JR_22] [@JR_23] [@JR_24] [@JR_25]

There is a dearth of literature on the relative efficacy of ART and Embrace WetBond sealant in terms of retention and caries preventive benefits. Hence, a comparative study between these hydrophobic materials was considered appropriate. The aim of the present investigation was to compare the retention and caries-preventive effects between ART sealants and Embrace WetBond sealants among a section of school children in one of the districts in southern India. The null hypothesis states no difference between the two materials.

Materials and Methods
=====================

This spilt mouth randomized controlled clinical trial was carried out in Belgaum state of Karnataka located along the northern part of the Western Ghats in India. The study has been registered with the US National Library of Medicine (ClinicalTrials.gov NCT02716558) and ethical clearance was obtained from the institutional review board of Maratha Mandal Nathajirao G. Halgekar Institute of Dental Sciences & Research Centre (Board Approval Number: 907).

The study was carried according to the guidelines of the Helsinki declaration and follows the CONSORT guidelines. The water supply of the town is not fluoridated and the usage of fluoridated toothpaste was widespread in the community. The study population consisted of children belonging to a low socioeconomic status, in the age group between 7 and 11 years of age enrolled in three government schools in the district of Belgaum.

The two groups of sealants used in this spilt mouth randomized clinical trial are the ART sealants (Ketac-Molar Easy Mix, 3 M ESPE, Seefeld, Germany) and Embrace WetBond (Pulpdent Corporation Watertown, Watertown, Massachusetts, United States).

The children's parents/guardians were explained about the benefits and risks associated with this trial. Only those children, whose parents gave a written informed consent, were clinically examined by a trained dentist. The baseline clinical examination was carried out within the respective school premises by a graduate student. Data were also recorded on the frequency of sugar exposures and the oral hygiene status.

The inclusion criteria were as follows: (1) children with a DMFT ≥ 2; (2) poor oral hygiene status; (3) fully erupted, noncarious, contralateral mandibular first molars exhibiting a deep or noncoalesced pit and fissure system; (4) history of irregular dental visits and a high frequency of exposure to sugars based on their dietary patterns. A child had to satisfy these criteria in order to be included in the study. The children who meet the inclusion criteria could be at least be classified either into a medium or a high-caries-risk category.

Children with developmental anomalies or with hypoplastic teeth, presence of cavitated carious dentinal lesions on the occlusal surface of the mandibular first molars, and uncooperative children were excluded from the study.

The graduate student who had carried out the baseline clinical examination of the school children was handed the responsibility for placing the sealants and thus was extensively trained on the theoretical and the clinical aspects of pit and fissure sealants.

Critical aspects such as the indications for sealant usage and application procedures were deliberated and reinforced. Prior to sealant applications on the study sample, the graduate student was calibrated on a certain number of children attending the preventive clinics of the dental school in that district. These children were walk-in patients and not a part of the study sample.

Sample Size Calculation
=======================

Based on the minimum expected difference of 20% in retention between the two materials at the end of 1 year, (α = 0.05 and 80% power) and attrition rate at 30%, the sample size was estimated to be 90 teeth per group.

Randomization
=============

Randomization was carried out by a toss of coin to allocate the molars into either of the two groups. For example, if the left mandibular molar received a resin sealant, then the corresponding right mandibular molar received the glass ionomer-based sealant.

Clinical Application
====================

The clinical applications of the sealants were carried out in the school premises by using portable dental chair and equipment that replicated an outfield setting. No electrically driven equipment was used in the application of the sealants.

The occlusal surfaces of the molars in the moisture tolerant resin group were etched with 37% phosphoric acid for 15 seconds and rinsed with copious amount of water to get rid of the etchant. A cotton pellet was then used to remove excess water on the tooth surface and to not desiccate the surface. The occlusal surface remained slightly moist and glossy prior to the application of the resin sealant and later light cured for 20 seconds following the placement of the sealant.

With regard to the ART sealant application, the occlusal surfaces of the molars were treated with the liquid component of the glass ionomer for 15 to 20 seconds, cleaned, and dried with cotton pellets. The glass ionomer sealant was mixed according to the manufacturer's instructions and placed using the press finger technique. [@BR_26] Appropriate postoperative instructions were given.

Follow-up Evaluations
=====================

The subjects were examined at the end of the 3rd, 6th, and 12th month, respectively, by an independent examiner, who was not involved in the study since its inception. The follow-up clinical examination was performed at the preventive clinics of the dental school, by contacting the parents/guardians and summoning the children in an orderly manner.

Duplicate examinations were carried out at each of the scheduled follow-up intervals on about 10% of the sample. Separate time was allocated to examine the children who could not be examined during the primary follow-up intervals.

The randomization details were not shared with this examiner and the data sheets filled up at designated time intervals were kept confidential until the end of the study period.

Community Periodontal Index probes and sharp sickle-shaped dental explorers were used to assess retention and carious lesions that developed. Resealing of the partially or completely worn-out sealants observed at subsequent follow-ups were not carried out in this trial. The modified Simonsen's criteria [@JR_27] ( [Table 1](#TB_1){ref-type="table"} ) were used to assess the retention and the presence or absence of carious lesions. The cavitated dentin carious lesions were detected as per the diagnostic criteria of the World Health Organization Oral Health Survey. [@BR_28]

###### Modified Simonsen's criteria

  --------- ----------------------------------------------------
  Score 0   No loss of sealant and no evidence of caries
  Score 1   Partial loss of sealant and no evidence of caries
  Score 2   Partial loss of sealant and evidence of caries
  Score 3   Complete loss of sealant and no evidence of caries
  Score 4   Complete loss of sealant and evidence of caries
  --------- ----------------------------------------------------

Statistical Analysis
====================

The data collected were entered on to the Microsoft Excel Sheet and analysis was performed by SPSS (Statistical Package for Social Sciences) Version 22.0 (IBM Corporation, Chicago, United States). The chi-squared test was used to check differences in proportions. The significance value was set at \<0.05. Kappa test was performed to assess the intraexaminer reproducibility with respect to retention and caries status.

Results
=======

A total of 323 school children were screened by matching them up against the inclusion and the exclusion criteria. Out of these, 116 children satisfied the inclusion criteria and 90 of them were randomly picked to be recruited for the clinical trial ( [Fig. 1](#FI91-1){ref-type="fig"} ). Fortunately, for that academic year, there were no dropouts from these schools and thereby, all the children recruited for the trial were examined at the scheduled intervals. The mean age of the children was 9.4 years with 44% of them being boys and the remaining 64% of them were girls.

![Flowchart of the study procedure. ART, atraumatic restorative treatment.](10-1055-s-0039-1696894_00091_01){#FI91-1}

A total of 90 children constituting 180 permanent mandibular molars were followed up at the end of the 3rd, 6th, and 12th month, respectively. The results of the duplicate examinations showed good intraexaminer reproducibility with kappa value of 0.87 for sealant retention and 0.90 for caries status.

There was no significant difference between the two groups of sealants at the end of the 3rd month ( *p* = 0.673), with about 66% of the glass ionomer cements (GIC) sealants and 60% of the resin sealants being completely intact, with no evidence of caries. At the end of the 6th month, about one-fourth of the sealants in either group remained totally intact, without evidence of caries. Conversely, about 18 and 11% of GIC and resin group sealants were completely lost, without any evidence of dental caries. There has been no significant difference between these groups of sealants at the end of 12 months, with the proportion of dentinal caries at 7.8 and 6.7% for the GIC and resin group respectively ( [Table 2](#TB_2){ref-type="table"} ).

###### Comparison of modified Simonsen's scores between the two groups---Ketac Molar Easy Mix (n = 90) and Embrace WetBond (n = 90)

  Variables         Modified Simonsen's Criteria ( *n* **\[** % **\]** )   *X* ^2^ -Value   *p* -Value                                 
  ----------------- ------------------------------------------------------ ---------------- ------------ ----------- --------- ------- -------
  **3rd month**                                                                                                                        
  GC Fuji Type IX   59 (65.6)                                              25 (27.8)        4 (4.4)      2 (2.2)     0 (0.0)   2.340   0.673
  WetBond sealant   54 (60.0)                                              31 (34.4)        3 (3.3)      1 (1.1)     1 (1.1)           
  **6th month**                                                                                                                        
  GC Fuji Type IX   20 (22.2)                                              42 (46.7)        10 (11.1)    17 (18.9)   1 (1.1)   4.463   0.347
  WetBond sealant   25 (27.8)                                              39 (43.3)        12 (13.3)    10 (11.1)   4 (4.4)           
  **12th month**                                                                                                                       
  GC Fuji type IX   7 (7.8)                                                27 (30.0)        21 (23.3)    28 (31.1)   7 (7.8)   2.877   0.579
  WetBond sealant   9 (10.0)                                               34 (37.8)        22 (24.4)    19 (21.1)   6 (6.7)           

Discussion
==========

Pit and fissure sealants have been established as a cornerstone material in preventive dentistry. These widely used resin-based sealants have an inherent drawback that limits its applicability in moisture-laden environments. This critical drawback prevents the usage of a hydrophobic resin-based sealant in a field setting where electrically powered equipment would be unavailable. Embrace WetBond sealant is a moisture-tolerant resin sealant, which is hydrophilic, water balanced, and is meant to adequately counter the shortcomings of conventional resin sealants.

Glass ionomer sealants have traditionally been an alternative to resin sealants due to its higher retentive properties. However, these sealants are not abrasive enough to resist occlusal masticatory forces. The ART sealants employing high viscosity glass ionomers with an elevated powder--liquid ratio are expected to fare better in the terms of retention.

This clinical trial had been formulated from a dental public health perspective. For sealants to be effective in community-based intervention programs, the application technique has to be far from being cumbersome, without the requirement of specialized electrically driven equipment. An inexperienced examiner was chosen, trained on the clinical aspects of these materials, and field tested in undesirable conditions, which would be a test of endurance for these sealants.

There are no standardized methods for assessing the adequacy of the sealed surfaces and therefore it poses significant challenges for an investigator willing to compare the outcomes of various clinical trials. A widely used criterion that was extensively used in large-scale public health services was proposed by Cvar and Ryge in 1971 and criticized due to subjective errors creeping in. [@JR_29]

Other criterion called the Color, Coverage, and Caries sealant evaluation was proposed by Deery et al in 2001, which records dental caries and describes the level of surface coverage. [@JR_30] A slightly modified United States Public Health Service criterion was also put to use by a few researchers. [@JR_31] Simonsen's criterion by far has been used in most studies due to its ease of use, coupled with a high validity and reliability. [@JR_27] This criterion was criticized for its inability to score dental caries and offers no explanation regarding partial loss of sealants. A modified Simonsen's criterion was employed to evaluate sealant surfaces in this trial as each code depicted the status of sealant coverage and the presence or absence of dentinal carious lesions.

In the field of retention, Embrace WetBond fared quite poorly with a retention rate of 10% complete retention at the end of 1 year. A comparison into the retention rate of embrace sealant, carried out by other investigators such as Bhatia et al [@JR_22] (23% complete retention/1 year), Schlueter et al [@JR_25] (27% complete retention/1 year) and Subramaniam et al [@JR_32] (10% complete retention/1 year), has also found similar results when compared to the present study. However, contrasting results were seen in the studies carried out by Ratnaditya et al [@JR_21] and Bhat et al [@JR_23] (about 80% complete retention/1 year). A longitudinal study was carried out by Strassler and Donnell [@JR_33] in a pediatric suburban practice, by sealing over 334 teeth using Embrace WetBond and found an astonishing retention rate of over 90% for a 4 to 6 years follow-up time.

A substantially low retention rate observed in this study has been contradictory to the previous in vitro study that demonstrated sealants to create bonds with high tensile strength. [@JR_34] Nonetheless, the low retention rate could be attributed to the poor clinical handling of the Embrace WetBond sealant. The manufacturer recommends the tooth surface post-etching should be neither too dry for enamel desiccation to be seen nor too wet for the water droplets to be visualized. These clinical guidelines were to some extent difficult for an inexperienced clinician to fulfill especially in a field environment.

The moisture tolerance of the Embrace WetBond is due to the presence of hydrophilic monomers, which promotes the formation of bonds in the presence of moisture. However, these bonds increase water sorption and thus may enhance the solubility and a greater disintegration in an oral environment. [@JR_35]

Assuming that the poor retention of Embrace WetBond is caused due to its application in a field environment, previous studies [@JR_22] [@JR_25] have observed poor retention rates with Embrace WetBond even in a carefully controlled clinical environment. On the contrary, some other studies [@JR_21] [@JR_23] have achieved higher retention rates, with the Embrace placed in similar conditions.

A bird's eye view of the above-mentioned results depicts a perplexing picture regarding the performance of Embrace WetBond, especially in the domain of retention. However, a few other factors strongly influence the longevity of the sealants. It has been advocated that sealant retention is better in the 6 to 7 years age group, attributable to the immature porous characteristic of enamel, thereby assisting sealant retention. [@JR_36] On the other hand, when sealants were placed on fully erupted permanent molars in the age group between 9 and 11 years, increased stress induced by the masticatory forces caused poor retention. The poor retention of Embrace WetBond sealant could also be attributed to the inexperienced applicator, despite being trained adequately prior to the commencement of the trial.

It is quite apparent that Embrace WetBond has to be studied and field tested more extensively. The usage of a bonding agent was not required during the application, making the procedure less cumbersome and more cost-effective to be used in public health programs. Embrace WetBond, devoid of bisphenol GMA, negates the ill effects of exposure to bisphenol releasing materials that have been known to induce adverse health outcomes. [@JR_37] [@JR_38] [@JR_39]

The ART sealants in this clinical trial had a retention (complete and partial) of about 38% and has fared quite poor, when compared to the recent studies done by Holmgren et al [@JR_40] (79% cumulative survival rate at 2 years), Luengas-Quintero et al [@JR_41] (48.8% cumulative survival rate at 2 years), and Liu et al [@JR_19] (52% cumulative survival rate over 2 years). It has been a well-known fact that the experience of the operator is directly proportional to the retention of ART sealant.

Looking at the larger picture, there has been no significant difference between the sealants under study, at the end of 12 months, in terms of retention and caries prevention. A closer peek into the observed data at the designated time intervals revealed no clear-cut differences between the sealants, which is rather surprising. Embrace WetBond with its modified hydrophilic resin properties was expected to duplicate the superior retentive features of a resin sealant.

At the end of the follow-up period (12th month), 7.8% of the teeth in the ART category had completely lost sealants with dentinal caries and 6.7% of the teeth in the Embrace category had completely lost sealants and presenting with evidence of dentinal caries. There was no statistically significant difference between these two groups in terms of caries prevention.

The results obtained, however, should be carefully analyzed in the light of current evidence. ART sealants use high viscosity glass ionomer cements, which possess an intrinsic property of fluoride release into its environment. [@JR_42] This intrinsic nature of glass ionomer cements can provide a fluoride reservoir, thereby lowering the differences between the sealants in terms of fissure caries prevention. In addition, embrace has been known to release fluoride into the oral environment. We could not assess the impact of an elevated fluoride presence on the caries preventive benefits of the sealants. It has been widely acknowledged that an elevated presence of a free fluoride ion in the oral environment tips the balance in favor of remineralization. [@JR_43]

However, in this study, it was observed that the caries incidence among both groups was considerably higher with about 23% of the teeth in both groups presenting with evidence of caries at the end of the 12th month (Score 2). This is rather surprising as the follow-up duration was only for a year and such a substantial number of cavitated carious lesions were not expected to be seen for a disease considered to be chronic in nature.

The children enrolled in this clinical trial belonged to a low socioeconomic status and it is a known fact that socioeconomic factors in children have been a strong predictor of caries risk than it is for adults. [@BR_44] It was also noted that these children were shifted to a new residential block by a nongovernmental organization in the recent past, thus leading to a lifestyle change and contributing to poor long-term maintenance of their oral hygiene. [@JR_45] All these factors could have played a major role in spiking up the caries activity of these subjects.

An important drawback of the present study is the follow-up duration of 1 year, which can be considered as inadequate. The probability of finding a statistical difference between the performances of these sealants could have been higher, had the follow-up been for more than a year. Due to paucity of similar randomized controlled clinical trials, comparisons of the results could not be obtained.

It would be noteworthy to mention the conspicuous absence of oral prophylaxis prior to the application of sealants in this study as it could have played a role in downgrading the retentivity of the sealants. This can be considered as a major drawback of the study at the executional stage, as it was not feasible to carry out oral prophylaxis at an outreach facility. Investigators have recommended that the surface be devoid of soft debris, plaque for greater bond strength between the sealant and tooth surface, but controversy still persists about the effectiveness of this procedure. [@JR_36]

Resin-based sealants have been widely used in several clinical studies and are considered as a gold standard, which implies that the performance of newer preventive agents should be compared with the resin-based sealants as the baseline standard. Having said that, there is ample scope for ART sealants to enact a role as a positive control in this trial, simply because it has fared exceptionally well in terms of fissure caries prevention in limited clinical studies till date. [@JR_19] [@JR_20] [@JR_46] [@JR_47] [@JR_48]

In terms of handling characteristics, Embrace WetBond proved to be quite difficult for an inexperienced applicator to handle in this study. This has been primarily attributed to the inability of the applicator to maintain an etched tooth surface with a precise amount of moisture prior to the sealant placement and the need for requisite armamentarium to light cure the material. On the contrary, the use of ART sealants in the school environment was simple and straightforward.

Conclusion
==========

Within the limitations of this study, it can be concluded that no significant difference was observed between these sealants either in the field of retention or fissure caries prevention. The data from this clinical trial tentatively suggests that ART sealants were less cumbersome to be employed in an outreach program. Embrace WetBond sealant needs to be thoroughly evaluated and field tested by experienced clinicians to ascertain its full potential as a hydrophilic resin-based sealant.
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